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Hazardous Waste and Contaminated 
Sites Pose a Unique Set of Challenges

and are compounded by the different needs and 
goals of involved parties. In addition to cleanup, 

delay in progress can be attributed to the:

PersistentComplex Multifactorial

Lack of 
collaboration

Information transfer 
to the end-user

Partnership building 
among academia, industry, 

government and the 
affected community

Public 
participation

Holistic solutions that incorporate all affected parties are needed. 
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Environmental Justice is Not 
Being Achieved at Many 
Contaminated Sites Across 
the U.S. 

• Communities of color and low income 
bear a disproportionate burden in the 
location of treatment storage and 
disposal facilities and Toxic Release 
Inventory facilities 

Inequitable distribution of risk  
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Components of selected participatory-based 
approaches to promote community engagement 
M.D. Ramirez-Andreotta et al. (2014). Science of the Total Environment 497–498 (2014) 651
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What is Engagement?

Community 
Outreach

• Information 
dissemination, 
typically one-
way 

Community 
Engaged 
Research

• Input from 
community, two 
way 
conversation, 
typically 
community-
academic 
partnerships

Community-
based 

Participatory 
Research

• Emphasis on 
participation and 
influence of 
nonacademic 
researchers in 
the process of 
creating 
knowledge

Models of Community Involvement
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What is Engagement?

Citation: Bonney, R., Ballard, H., Jordan, R., McCallie, E., Phillips, T., Shirk, J., and Wilderman, C. C. 2009. Public Participation in Scientific Research: 
Defining the Field and Assessing Its Potential for Informal Science Education. A CAISE Inquiry Group Report. Washington, D.C.: Center for 
Advancement of Informal Science Education (CAISE).

Contributory

• Designed by 
scientists and 
members of the 
public primarily 
contribute data

Collaborative

• designed by 
scientists, 
members of the 
public contribute 
data but also may 
help to refine 
project design, 
analyze data, or 
disseminate 
findings

Co-Created

• Designed by 
scientists and 
members of the 
public at least 
some of the public 
participants are 
actively involved in 
most or all steps 
of the scientific 
process

Models of Public Participation in Scientific Research
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Community-based participatory 
research model = co-created 
citizen science project

• Participants to be more fully included 
in the research process, 

• Offer lay perspectives and 
information, 

• Capacity-building for participants 

• Lay the groundwork for additional 
participatory research proposals 

7
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Examples From

8
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Transdisciplinary Approach

9
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Reporting back 
results and 
communicating risk

Characterize the uptake 
of arsenic by homegrown 
vegetables near 
Superfund Site via 
controlled greenhouse 
study in parallel with the 
co-created citizen 
science program.

Use the 
concentrations of 
arsenic measured in 
water, soils and 
vegetable samples in 
conjunction with 
reported US intake 
rates to estimate 
arsenic exposure and 
characterize the 
potential risk
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Israel et al., 1998; Pandya, 2012; 

Ramirez-Andreotta et al., 2014; 

Brody et al., 2014)

Align 
research + 
education 

w/communit
y priorities

Plan for co-
management 
of the project

Engage 
community 

at every 
step

Incorporate 
multiple 
forms of 

knowledge

Report 
individual 

results and 
Disseminate 

results 
broadly

Cultural 
model of 

risk 
communica

tion

To increase 

participation from 

underrepresented 

groups in citizen 

science efforts 

and build 

partnerships
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• Meet with multiple 
community members early 
on in the process of 
developing program 

• Work together to develop 
scientific questions that 
support community goals

12

Align research 
and education 

with 
community
priorities

Activities
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Origin of Research 
Question and Need

13
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Identifying Champions

Identifying Champions
• Collaboration with local stakeholders

– March of Dimes 

– Puerto Rico Taskforce for Prematurity

– Environmental Protection Agency (EPA)

• Local Community Health Centers

• PRYMED staff has been crucial in the successful implementation 

• Local environmental advocate groups
– Citizens of the Karst, COTICAM…

• Past participants are now assisting with study and are 
advocates

14
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Identifying Champions

15

• Federally Qualified Health Centers (Local Community Clinics):
Morovis (C), Ciales (D), Camuy (F), Lares, (G), Quebradillas (H)

• Private Practice OB/GYN - Delta OB/GYN (B)
• Affiliated Hospitals:  UPR District Hospital (A), Manatí Medical 

Center (B), Cayetano Coll y Toste (E)
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• Identified champions

• Build Partnerships in the Public 
Sphere

• Create a Transdisciplinary Team

16

Align research 
and education 

with 
community
priorities
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Plan for 
co-management 

of the project

Community members participating 
in advisory boards

Hosting regular informal 
interactions between scientists 
and local community members 

Providing advanced scientific 
training to community members

Develop MOU’s with Community 
Health Centers and local agencies and 
organizations

Activities
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Plan for co-
manageme

nt of the 
project

• Ongoing communication and informal 
science educational opportunities 
throughout the project to  manage 
community expectation and 
involvement 
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Organize Community Participatory Action 
Team

Recruit and Meet with Collaborators and 
Advisors Committee

Training Activities for CBPR Approach 

Develop training and educational 
materials for participants

Development of initiatives proposed by participants 
and Communities

19

Plan for co-
manageme

nt of the 
project
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Steps in 
Scientific Research 

Choose or define question(s) for study

Gather information and resources

Develop explanations 

Design data collection methodologies

Collect samples and/or record data

Analyze samples

Analyze data

Interpret data and draw conclusions

Disseminate conclusions/ Translate results 

into action

Discuss results and ask new questions

Engage 
community 

at every 
step
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Steps in 
Scientific Research 

Choose or define question(s) for study

Gather information and resources

Develop explanations 

Design data collection methodologies

Collect samples and/or record data

Analyze samples

Analyze data

Interpret data and draw conclusions

Disseminate conclusions/ Translate results 

into action

Discuss results and ask new questions

• Methods and mathematical 
equations used to interpret the 
data was described.

• Participants recalculated their 
potential exposure and risk and 
change the variables to suit their 
behavior

• Data Validation – QA/QC 

• Participants worked together 
to identify/notify households 
who were on the public water 
supply.

• Participants will modify their 
gardening behavior

How does the arsenic 

concentration found 

in my vegetables 

compare to others?

What was 

the range and average 

arsenic concentraton 

found in our irrigation 

water?

What was 

the range and average 

arsenic concentration 

found in our garden 

soils?

 A Complete Overview of the Dewey-

Humboldt, Arizona Garden Project

Dewey-Humboldt Town Library

Thursday, June 21, 2012

 6:00PM to 7:00PM

What was the 

spatial distribution

of participants?

What were the most 

commonly grown vegetables 

in our community?

• Concentrations of arsenic and 
heavy metals in chicken eggs? 
Correlation between the 
exposure pathways and the 
concentrations observed in 
eggs. 

• Do cinder blocks in a raised 
garden bed contributed arsenic 
to their soil?

• Quality of local farm 
vegetables?
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Transdisciplinary Approach

22
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Activity

Value traditional 
knowledge, historical 
accounts, and participant 
observations

Equality and fostering 
an environment of 
co-learning

23

Incorporate 
multiple 
forms of 

knowledge
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Interviews with Key informant, Focus Groups, 
Document Analysis

Analyze Feedback Information from Assessment 
for development of report-back materials 

Develop report-back materials

Continuous evaluation of communication system 
and report back

24
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General guidance was given and participants decided where to 
select soil sample and which vegetables to analysis vegetables 

Participants began to ask new scientific questions
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• Citizen Science efforts around 
environmental health is changing 
the tools for environmental 
research reducing their cost, 
increasing their accessibility and 
producing different types of data. 
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Colleague – Dr. Sara Wylie, Northeastern University
– Co-founder of Public Lab for Open Technology and 

Science
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Slide By: Dr. Sara Wylie, Northeastern University
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Grassroots Mapping Imagery

Slide By: Dr. Sara Wylie, Northeastern University
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Slide By: Dr. Sara Wylie, 
Northeastern University
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Activity 

Report back 
initiatives

Co-design 
communication 
methods

Provide data to 
general public

Disseminate 
results 
broadly
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Increasing Awareness

• PROTECT in the Media

– Puerto Rico and United States

• Local Newspapers

• Television

• Collaboration with University of Sacred 
Heart Puerto Rico

– Protect documentary – 36 Semanas

• Contamination in Puerto Rico and PROTECT approach 
to discover potential exposure to contaminants 
during pregnancy

32
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Community report-back

• Adds context and opportunity for 
discussion

How does the arsenic 

concentration found 

in my vegetables 

compare to others?

What was 

the range and average 

arsenic concentraton 

found in our irrigation 

water?

What was 

the range and average 

arsenic concentration 

found in our garden 

soils?

 A Complete Overview of the Dewey-

Humboldt, Arizona Garden Project

Dewey-Humboldt Town Library

Thursday, June 21, 2012

 6:00PM to 7:00PM

What was the 

spatial distribution

of participants?

What were the most 

commonly grown vegetables 

in our community?
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How to report data back 

34

Typical participant questions 
about personal exposure results, 
Brody et al., 2007 

Information provided to
Gardenroots participants 
(Ramirez-Andreotta et al., 2015)

Description

What did you find? What did you look for? Concentration of arsenic (contaminant of concern) and 19 other 

elements of potential interest 

How much? Concentrations for all 20 elements were presented in a chart for all 

their vegetables, soil and water samples analyzed.

Analysis/Comparison

Is that high? Arsenic concentrations observed in vegetables from the USDFA Market 

Basket Study were used for comparison. Regional soil screening levels 

and the maximum contaminant levels in water was provided. 

Is that safe? Chart exhibiting how much of the vegetable can be consumed from 

their garden at various excess target risks

What should I focus on? Participants were able to compare the risk posed from each exposure 

route (water, soil, vegetable) and the arsenic concentration in each 

vegetable to then decide where to focus mitigation efforts

Where did the chemical come from? Participants identified their gardens as potential sources of arsenic and 

initially asked the research question

Recommendation 

What can/should I do? Exposure reduction/precautionary strategies were provided such as: 
recommended gardening practices handouts were generated to guide 
gardeners, “Arizona Know Your Water” and “Arizona Know Your Well 
Water” guides* 
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Report Back Example

X  is the EPA Guideline

Each      represents one other home in the study

is the sample from your home

Chemical abbreviation (di(2-ethylhexyl) phthalate)

DEHP common uses:  Plastics, inks, insect 

repellant, cosmetics, rubbing alcohol, liquid soap, 

detergents, lacquers, munitions, industrial lubricant. 

-

Brody et al. AJPH, 2007
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Polluters
(refinery, ships)

Products
hard to avoid
(flame retardant)

Products 
individual choices

(indoor pesticides)

What can I do?

Collective Action Individual Action

Chemicals policies

Consumer campaigns

Vote!

Organize

Participate

Vote!

Product choices

IPM
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Reporting All Results and 
Potential Risks

• The metal(loid) concentrations 

in their soil, water and 

vegetables

• How much they can eat at 

various target risks

• Estimated risks associated with 

soil, water and vegetables 

allowed participant to compare 

risks posed by the different 

exposure routes

• Nutritional content in vegetables
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• Elemental 
information

• Naturally 
occurring 
levels

• Brief 
explanation

Contaminants 
of concern 

and reference 
values visually 

displayed
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All concentrations  
and reference 

values
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Risk	Characterization	
for	Arsenic:	Cancer 

Incremental	Excess	

Lifetime	Cancer	Risk	

Yard	Soil		 Garden	Soil	 Scenario:	
Accidental	soil	

ingestion	while	
gardening		

15	out	of	
1,000,000	

9	out	of	
1,000,000	

 

Lower Risk

10-410-6 10-5

Medium Risk

10-210-3

Higher Risk

10-710-8

Risk	Characterization	
for	Arsenic:	Cancer 

Incremental	Excess	
Lifetime	Cancer	Risk	

5	out	of	100,000	
Scenario:	Drinking	

2	liters/day	

 

Legend

Yard Soil

Garden 
Soil
Irrigation 
Water
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Cultural model 
of risk 

communication

Results and risk tailored to the 
community's need so they may 
make more informed decisions

Steps the community can take to 
assert some level of control and 
reduce their exposure to potential 
environmental hazards

Involve affected groups in 
judgments of acceptable and 
unacceptable risks

Activity 



www.neu.edu/protect

Compared Gardenroots to a 
nationwide study for 
reference 

Total Diet Study – Market Baskets



www.neu.edu/protect

How much to eat 
from garden?

All raw 
values

But 
wait!
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“It is your choice to decide what target risk you want to use 
to make decisions about how many cups per week to consume 

from your garden.”

Amount You Can Eat from Your Garden Based on a Cancer Target Risk

Location	
Target	Risk	
1/1,000,000	

Target	Risk	
1/100,000	

Target	Risk	
1/10,000	

USDA	Recommended	
Amount	(cups/week)	

Onion	

Your	Garden	 3/4	 7	 70	
4	cups/week	total	of	
“Other	Vegetables”	

Lettuce	

Your	Garden	 1/2	 5	 50	

3	cups/week	total	of	
“Raw	Leafy	Dark	
Green	Vegetables”	

	

Tomato	

Your	Garden	 1-1/2	 15	 150	
5	cups/week	of	“red	

and	orange	
vegetables”	

	
 

Allowed them to decide 
for themselves
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Present Solutions and 
Recommendations

Safe 
Consumption of 

Homegrown 
Vegetables

Garden 
Preparation 

Safe 
Gardening 
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Community engagement Core 
Goals

• Report data back to mothers

• Provide resources for early childhood 
development

• Prevent exposure to contaminants

• Provide information on environmental 
contamination relevant to health in general 

46
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Ramirez-Andreotta -
Serving on National 
Planning Committee
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How can We Work Together?

48
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